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Abstract
COVID-19 has had a substantial impact on transit workers’ lives, especially among public-facing ve-
hicle operators. The current project examined relationships between workers’ knowledge and per-
ceptions of their employer’s COVID-19 safety responses, job attitudes, and health. We surveyed 
transit workers (N = 174) between July and August 2020 and followed up 3 months later. Fifty-seven 
workers responded to the follow-up survey. Surveys addressed workers’ knowledge and perceptions 
of their employer implementing Centers for Disease Control and Prevention (CDC)-recommended 
COVID-19 safety responses, COVID-19 risk perceptions, job attitudes, and health factors. Employees 
reported knowledge of their employer implementing ~8 of 12 CDC-recommended responses. The 
most reported response was informational poster placements; the least reported was designating a 
point-person for COVID-19 concerns. Significant associations were found between knowledge of em-
ployer safety responses and lower COVID-19 risk perceptions, better job attitudes, and greater mental 
and global health. Operators (i.e. public-facing workers) reported worse perceptions of employer re-
sponses, and higher COVID-19 risk perceptions, work stress, and turnover intentions, compared with 
non-operators. A time-lagged panel model found that COVID-19 risk perceptions significantly medi-
ated the relationship between public-facing work status and follow-up depression, anxiety, stress, 
and global health. Results reveal opportunities for transit authorities to broaden and better commu-
nicate their responses to emergent occupational safety and health crises.
Keywords:  COVID-19 risk perceptions; employer COVID-19 safety practices; occupational safety and health; safety 
communication; transit workers; transportation











xab080/6384633 by Portland State U
niversity user on 12 O
ctober 2021
Introduction
The COVID-19 pandemic has had substantial global oc-
cupational health impacts for workers. Specifically, public 
transportation workers have faced significant, early im-
pacts from the pandemic, including heightened exposure 
to COVID-19 infection, as well as work disruptions and 
job insecurity associated with reduced ridership. The 
American Public Transportation Association reported that 
ridership reductions and increased costs for transit au-
thorities associated with COVID-19 led to revenue losses 
of an estimated $32 billion or more (Impact of COVID-
19, 2020). These economic consequences forced many 
transit authorities to reduce working hours or furlough 
employees. Beyond economic stressors resulting from un-
certainty around the industry’s financial stability (Sinclair 
et al., 2020), transit employees have experienced add-
itional COVID-19-related stress at work and other phys-
ical and mental health concerns, which may all negatively 
impact job attitudes. In a Washington Post article pub-
lished in May 2020—only a few months after states began 
implementing shutdowns in response to the pandemic—
George and Jaffe (2020) reported that over 10 000 transit 
workers in New York City alone had been quarantined, 
and that over 100 had died from the virus. George and 
Jaffe (2020) also reported many workers across the 
country were expressing high work stress, anger at their 
employers for poor safety responses, and heightened anx-
iety due to fears of contracting or spreading the virus.
Given their ‘essential worker’ status and frequent inter-
actions with the general public, transit workers were clas-
sified early on by the World Health Organization (WHO) 
as having a medium exposure risk for contracting SARS-
CoV-2, the virus that causes COVID-19 (WHO, 2020). 
Recent research has shown that transportation workers 
may have twice the risk of a severe COVID-19 case com-
pared with non-essential workers [Risk Ratio = 2.20; 95% 
confidence interval (CI) 1.21–4.00], though this effect was 
attenuated after controlling for socioeconomic factors 
(Mutambudzi et al., 2021). In Washington state, the trans-
portation and material moving sector had an estimated 
416.2 COVID-19 cases per 100,000 employees—between 
the 50th (282.8) and 75th (508.0) percentiles across oc-
cupations measured (Zhang, 2021). In California, the 
transportation and logistics sector had the second highest 
mortality excess (31% increase) compared with other oc-
cupations (Chen et al., 2021). However, the relative risks 
of public transport operators, specifically, to other occu-
pations, including other transportation industry jobs, are 
unknown. There is expanding evidence, however, that 
bus and other public transit environments may facilitate 
both contact and aerosol transmission of COVID-19 due 
to their confined spaces, increased physical proximity to 
others, and potentially poor ventilation (Luo et al., 2020; 
Tang et al., 2020; Moreno et al., 2021). However, these 
risk factors may have been attenuated during the pan-
demic by overall reductions in travel demands (Zhang, 
2021), stringent cleaning protocols (Tang et al., 2020; 
Moreno et al., 2021), and agencies following govern-
mental guidelines (e.g. Di Carlo et al., 2020), including 
COVID-19 safety recommendations from the Centers 
for Disease Control and Prevention (CDC) and the 
Occupational Safety and Health Administration (OSHA) 
for workplaces. Indeed, in response to escalating health 
risks and impacts of the pandemic on transit workers, the 
CDC in April 2020, released recommendations for transit 
authorities to adopt specific COVID-19 safety responses 
to protect their employees (CDC, 2020). Examples of re-
sponses include providing hand sanitizer for operators, 
providing extra sick time to use if exposed to the virus, 
and hanging informational posters on hand hygiene (see 
Table 1 for the full list).
Employers’ successful implementation and commu-
nication of CDC-recommended responses by transit 
authorities—measured by worker knowledge and per-
ception of such responses being implemented—may not 
only play a role in the reduction of COVID-19 disease 
transmission, but may also impact transit operators’ 
perceptions of COVID-19-related risk, job attitudes (e.g. 
job satisfaction), and how they experience and cope 
with such extraordinary workplace stressors during an 
What’s Important About This Paper?
Transit workers have performed a critical public service through the COVID-19 pandemic. This study found 
that transit workers’ knowledge and positive perception of their employer’s COVID-19 safety responses 
may have protected against negative job attitudes, stressors, and mental health impacts in the months 
after pandemic-related lockdowns. However, operators reported significantly worse perceptions and less 
knowledge of their employer’s responses, as well as higher COVID-19 risk perceptions, compared to non-
operators. Effective communication about protective actions taken by transit employers to workers—par-
ticularly operators in public-facing positions—may have a notable, positive impact on transit workers’ risk 
perceptions at work, general job attitudes, and health factors.
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occupational health and safety crisis. This association 
would exist because these employer actions to reduce 
health hazards at work would indicate a true organ-
izational commitment to safety (Kurtessis et al., 2017), 
which is associated with improved job attitudes (Huang 
et al., 2016) and psychological well-being (Nahrgang 
et al., 2010). In addition to employer actions, the spe-
cific job roles of transit workers themselves may impact 
their risk perceptions, job attitudes, and overall health.
It is well established that working conditions can in-
fluence employee job satisfaction, work-related stress, 
and well-being (e.g. Grawitch et al., 2006; Nahrgang 
et al., 2010). According to the organizational support 
theory (Eisenberger et al., 1986) and an associated meta-
analysis (Kurtessis et al., 2017), work role characteristics 
(e.g. public-facing work) may affect one’s perceptions 
of organizational support and personal well-being. 
Recently, Sinclair et al. (2021) proposed a COVID-19-
specific extension of organizational support theory, 
where occupational risk factors (e.g. essential working 
status, public-facing work) may impact workers’ phys-
ical and mental health via their influence on COVID-19 
risk perceptions. Specifically, they posit that workers in 
public-facing work environments (e.g. transit oper-
ators)—considered medium risk by the WHO (WHO, 
2020)—will have heightened COVID-19 risk perceptions 
because they are in regular contact with people whose 
COVID-19 infection status is unknown (i.e. the ambi-
guity of the situation may heighten their perceived risks; 
Viscusi et al., 1991). These greater perceptions of risk will 
then cause public-facing workers to have worse phys-
ical and mental health (e.g. exhaustion, stress, anxiety). 










My employer has placed posters that encourage staying home  
when sick, covering coughs and sneezes, and washing hands often  
practices in common areas in the workplace.
135 (95.7%) 3 (2.1%) 3 (2.1%)
My employer provides employees access to soap, clean running  
water, and drying materials and/or hand sanitizer.
134 (95.0%) 6 (4.3%) 1 (0.7%)
My employer provides operators with sanitizing wipes to clean  
frequently touched areas of the bus.
131 (92.9%) 9 (6.4%) 1 (0.7%)
My employer has encouraged sick employees to stay home and  
has provided information on who to call if sick.
120 (85.1%) 14 (9.9%) 7 (5.0%)
My employer provides operators with gloves and has provided  
training on how to properly use them.
107 (77.0%) 19 (13.7%) 13 (9.4%)
My employer has instituted measures to keep 6 ft of distance between  
operators and passengers.
101 (72.7%) 38 (27.3%) 0 (0.0%)
My employer has provided employees with correct information on  
COVID-19, how it spreads, and risk of exposure.
88 (62.9%) 25 (17.9%) 27 (19.3%)
My employer provides employees tissues and no-touch  
disposal receptacles.
88 (62.9%) 46 (32.9%) 6 (4.3%)
My employer has given employees additional sick time and/or  
has made use of sick time more flexible so that employees can stay  
home if they’re experiencing respiratory symptoms.
86 (61.0%) 34 (24.1%) 21 (14.9%)
My employer has provided employees with training on proper hand 
washing techniques and other infection control strategies to prevent the 
spread of disease.
77 (54.6%) 37 (26.2%) 27 (19.2%)
My employer has conducted a worksite assessment to  
identify COVID-19 prevention strategies.
61 (43.3%) 24 (17.0%) 56 (39.7%)
My employer has designated someone at work to be responsible for all 
COVID-19-related concerns at work.
35 (24.8%) 33 (23.4%) 73 (51.8%)
Note. Italics indicate a safety response that ≥25% of workers reported their employer did not implement (i.e. answered ‘No’). Proportions may not accurately reflect 
the overall sample N due to incomplete questionnaires.
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Applied to the transit industry, it may be that those in ve-
hicle operation occupations (e.g. bus operators), essential 
workers who must interact with the public on a regular 
basis, will have higher perceptions of COVID-19 risk 
and worse health compared with other transit workers 
(e.g. vehicle maintenance, office administration), and that 
risk perceptions may mediate the relationship between 
public-facing work status and health outcomes.
Our overarching goal of the present study was to 
better understand the COVID-19-related safety, health, 
and well-being impacts on transit workers and their as-
sociations with their employer’s responses to the pan-
demic and public-facing work status. Our first aim was 
to describe transit workers’ knowledge and perception 
of their organizations’ pandemic responses, personal 
COVID-19 risk perceptions, job attitudes, and mental 
and physical health. To accomplish this aim, we as-
sessed proportions of employees aware of their employer 
implementing each CDC-recommended COVID-19 re-
sponse; average levels of COVID-19 risk perceptions, 
job attitudes (e.g. job satisfaction, job insecurity), and 
mental (e.g. depressive symptoms) and physical (e.g. ex-
perience of COVID-19 symptoms) health; and associ-
ations among these factors.
Our second aim was to compare risk perceptions, job 
attitudes, and health factors between public-facing (viz. 
operators) and non-public-facing (e.g. office administra-
tion) transit workers using Sinclair et al.’s (2021) model 
of occupational risk factors, COVID-19 risk perceptions, 
and well-being as a guide. According to their model, 
employees working in public-facing environments are 
likely to have higher perceptions of COVID-19 risk (i.e. 
greater worry of contracting and/or transmitting the dis-
ease), which may negatively impact their job attitudes 
and mental and physical health. As such, we hypothe-
sized transit operators to report greater worry about be-
coming infected with and spreading COVID-19, as well 
as worse job attitudes (e.g. greater work stress), mental 
health (viz. depressive and anxiety symptoms), global 
health, and experience of COVID-19 symptoms.
For our third aim, we assessed the indirect relation-
ships between employees’ public-facing work status 
and their health factors, via their COVID-19 risk per-
ceptions as a mediator. Sinclair et al. (2021) predict that 
public-facing workers will have heightened COVID-19 
risk perceptions. These risk perceptions will then cause 
reductions in mental and physical health, serving as a 
mediator between public-facing work status and health 
outcomes. As such, we hypothesized that public-facing 
work status (operator versus non-operator) would pre-
dict higher risk perceptions at baseline. Then, we hy-
pothesized COVID-19 risk perceptions to significantly 
predict health outcomes at a 3-month follow-up. Finally, 
we hypothesized a significant indirect effect of public-
facing work status on follow-up health factors (viz. de-
pressive symptoms, anxiety symptoms, experience of 
COVID-19 symptoms, and global health), via baseline 
risk perceptions as a mediator.
Methods
Participants and procedures
A total of nine transit authorities were contacted to par-
ticipate in the study. Five declined to participate. Flyers 
describing the study were sent to two participating 
transit authorities, which were requested to be posted at 
all garage locations, and a third transit authority placed 
260 individual flyers in employee mailboxes. Finally, a 
union local representing workers at the fourth and lar-
gest participating transit authority assisted with mailing 
2605 recruitment flyers to their members directly. Flyers 
contained information about study participation and 
eligibility and included a link to the anonymous online 
survey. Interested workers followed the link to com-
plete an eligibility screener and then completed the 
survey if they were eligible. The eligibility criterion was 
being currently employed at a transit agency. Lottery-
style incentives were employed where a subsample of 
participants were randomly selected to receive either 
$50 (n = 20 at baseline; n = 10 at follow-up) or $100 
(n = 10 at baseline; n = 5 at follow-up) for survey com-
pletion. Participants completed baseline surveys between 
10 July and 30 August 2020, and follow-up surveys be-
tween 9 October and 1 December 2020. All procedures 
were reviewed and approved by the Human Subjects 
Institutional Review Board at Oregon Health & Science 
University (eIRB# 20047).
Two hundred and one individuals attempted the 
baseline survey (7.0% of total employees who were sent 
flyers). Of those, 197 consented to participate. After 
consenting, individuals filled out an eligibility survey to 
verify current transit agency employment. One hundred 
seventy-eight individuals were eligible and at least par-
tially completed the baseline survey. Four participants 
were excluded from analyses—in order to avoid unin-
tended time-related effects—because they filled out the 
initial survey after 30 August (total baseline N = 174). 
Ninety-five participants (54.6%) agreed to complete 
a follow-up survey, and 57 of those participants par-
tially completed it (60.0% of those that agreed to the 
follow-up). The follow-up survey contained the same 
scales as at baseline excluding basic demographic infor-
mation (e.g. race).
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At baseline, participants (N = 174) were employees 
at transit authorities (k = 4) across three states in the 
Northwest USA. Most (n = 151; 86.8%) came from a 
single organization (n = 46; 80.7% at follow-up), which 
was the largest among all those participating in the study. 
Employees were predominately white (n = 108; 81.8%), 
male (n = 94; 71.2%), and averaged 50.7 years of age 
(SD = 10.8). Most participants were urban/mass transit 
operators (n = 117; 67.2%), but five other transit occu-
pations, including other vehicle operators and workers 
in non-public-facing jobs, were represented (see Table 2 
for more details). Job tenure ranged from 0 to 39 years 
(M = 7.4, SD = 8.0), and participants reported working 
an average of 39.6 h per week (SD = 10.1).
Measures
Knowledge of COVID-19 employer safety responses
Knowledge of COVID-19 safety responses was meas-
ured with a 12-item scale developed for this study fo-
cused on the list of CDC-recommended safety responses 
for transit employers in response to COVID-19 (CDC, 
2020). Participants answered ‘Yes’, ‘No’, or ‘I Don’t 
Know’ to indicate whether their employer had imple-
mented a particular safety practice (see Table 1 for all 
items). A composite score was computed by assigning a 
value of 1 for ‘Yes’ and 0 for ‘No’ and ‘I Don’t Know’ 
for each item and summing them (Cronbach’s α = 0.77).
Perceptions of pandemic response adequacy
Perceptions of employer pandemic response adequacy 
were measured with two items developed for this study. 
Items assessed to what extent participants felt their em-
ployers were prioritizing employee safety and health, 
and their satisfaction with their employer’s pandemic re-
sponse. Participants responded on a 5-point Likert scale 
(1—‘Strongly Disagree’ to 5—‘Strongly Agree’).
Risk perceptions
COVID-19 risk perceptions were measured with three 
items developed for this study. Items assessed how often 
participants worried at work about becoming infected 
with COVID-19, infecting coworkers or the public, and 
infecting family members or others in their household. 
Participants responded to items on a 7-point Likert 
scale (1—‘Not at All’ to 7—‘Always’). Items were used 
individually in exploratory correlational analyses and 
averaged together for the planned mediation model 
(α = 0.88).
Job attitudes
Job attitudes were measured with three validated self-
report scales. The 4-item Job Insecurity Scale (Vander 
Elst et al., 2014) was used to measure job insecurity 
on a 5-point Likert scale (1—‘Strongly Disagree’ to 
5—‘Strongly Agree’) (α = 0.82). Three items adapted 
from Cammann et  al.’s (1983) scale were used to 
measure job satisfaction on a 5-point Likert scale 
(1—‘Strongly Disagree’ to 5—‘Strongly Agree’) 
(α = 0.95). The 7-item Stress in General scale (Stanton 
et al., 2001) was adapted to measure work stress on a 
7-point frequency-based Likert scale (1—‘Not At All’ to 
7—‘Very Much’) (α = 0.91). An additional item assessed 
to what extent participants were considering leaving 
their job due to the COVID-19 pandemic (i.e. turn-
over intentions) on a 5-point Likert scale (1—‘Strongly 
Disagree’ to 5—‘Strongly Agree’).




Age (years) 50.7 (10.8)
Gender identity (% male) 94 (71.2%)
Race
 American Indian/Alaskan Native 4 (3.0%)
 Asian 4 (3.0%)
 Black/African American 3 (2.3%)
 White 108 (81.8%)
 >1 race 5 (3.8%)
 Other 8 (6.1%)
Ethnicity (% Hispanic) 7 (5.4%)
Household
 Married or living with partner 92 (69.2%)
 Living with children aged 0–5 14 (10.8%)
 Living with school-aged children 37 (28.5%)
Education
 High-school diploma or GED 14 (10.7%)
 Some college or technical school (no degree) 58 (44.3%)
 Bachelor’s degree 49 (37.4%)
 Graduate or professional degree (e.g. MA, MD) 10 (7.6%)
Transit occupation
 Building and grounds maintenance 4 (2.3%)
 Office and administrative support 9 (5.2%)
 Bus operator (urban/mass transit) 117 (67.2%)
 Other operator (e.g. rail, streetcar) 14 (8.1%)
 Transit operations, safety, or training 13 (7.5%)
 Vehicle maintenance and repair 17 (9.8%)
Job tenure (years) 7.4 (8.0)
Work hours per week
 Pre-COVID 43.1 (10.2)
 Currently 39.6 (10.1)
Note. Proportions were computed using available data for each individual 
question. As such, they may not accurately reflect the overall sample N due to 
incomplete questionnaires.
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Health factors
Mental health was measured with two validated self-
report scales. The 2-item Patient Health Questionnaire 
(PHQ; Kroenke et al., 2003) measured depressive symp-
toms on a 4-point frequency-based Likert scale (0—‘Not 
at all’ to 3—‘Nearly Every Day’) (α = 0.82). The 2-item 
Generalized Anxiety Disorder scale (Kroenke et al., 
2007) measured anxiety symptoms on the same Likert 
scale as the PHQ (α = 0.83). Additionally, a single item 
(‘In general, would you say your health is…’) from the 
Patient-Reported Outcomes Measurement Information 
System mental and physical health scales (Cella et al., 
2007; Hays et al., 2009) measured global health on a 
Likert scale from 1—‘Poor’ to 5—‘Excellent’. Another 
item measured whether or not (‘Yes’, ‘No’, ‘I Don’t 
Know’) participants had experienced any COVID-19-
related symptoms (e.g. cough, fever, shortness of breath, 
loss of taste or smell).
Data analysis
Analyses were conducted with SPSS version 27 (IBM 
Corp., 2020) and Mplus version 6.1 (Muthén and 
Muthén, 1998–2010). Descriptive statistics (frequen-
cies, means, standard deviations, correlations) were 
computed for all main study variables at baseline and 
follow-up. Independent samples t-tests were computed 
for baseline comparisons of operators (viz. mass transit 
buses, school buses, light rails, and streetcars) and non-
operators (i.e. public-facing versus non-public-facing 
work status). Finally, a structural equation model using 
full information maximum likelihood estimation was 
used to assess the time-lagged associations between op-
erator public-facing work status, COVID-19 risk percep-
tions, and health factors. We assessed both direct and 
indirect effects in accordance with Sinclair et al.’s (2021) 
proposed model. [Note: P < 0.05 was used to determine 
significance in all analyses.]
Results
Aim 1 results: Describe transit workers’ per-
ceptions of their organizations’ pandemic 
responses, personal COVID-19 risk perceptions, 
job attitudes, and health
See Tables 1–3 for descriptive statistics of all main study 
variables at baseline. According to employee knowledge, 
the most common employer-implemented COVID-19 
safety practice was placing posters encouraging staying 
home when sick and washing hands frequently; the least 
common practice was designating someone to be respon-
sible for all COVID-19 concerns at work (see Table 1). 
On average, workers reported knowledge of their em-
ployer implementing 8.3 (SD = 2.7) out of the possible 
12 CDC-recommended safety responses. Job insecurity 
and job satisfaction were in normative ranges (Bowling 
and Hammond, 2008; Vander Elst et al., 2014). Sixteen 
participants (11.9%) met the cutoff for likely major de-
pressive disorder (Kroenke et al., 2003), and 33 (24.3%) 
met the cutoff for likely generalized anxiety disorder 
(Kroenke et al., 2007). Finally, 34 participants (25.0%) 
reported having experienced symptoms of COVID-19 
(only one reported being formally diagnosed).
Baseline correlations (see Supplementary Table 1, 
available at Annals of Work Exposures and Health on-
line) revealed that age was negatively associated with 
symptoms of depression and anxiety, but not with job 
attitudes or risk perceptions. Males reported lower de-
pressive symptoms and anxiety symptoms than females. 
Race had a few notable correlations. First, participants 
who are Black, Indigenous, and Other Peoples of Color 
(BIPOC) reported significantly higher work stress levels 
compared with white participants. Additionally, partici-
pants who are BIPOC had more frequent worries about 
becoming infected with COVID-19 and infecting others. 
Experiencing symptoms of COVID-19 was negatively 
associated with job satisfaction and positively associ-
ated with turnover intentions, depressive symptoms, 
and anxiety symptoms, but it was not related to risk 
perceptions or global health. Knowledge of employer’s 
responses to the pandemic (i.e. total number of known 
CDC-recommended safety responses implemented) and 
employee perceptions of employer’s pandemic responses 
were negatively correlated with risk perceptions, job in-
security, work stress, depressive symptoms, and anxiety 
symptoms, and they were positively associated with job 
satisfaction and global health.
Aim 2 results: Compare COVID-19 risk per-
ceptions, job attitudes, and health factors 
between public-facing and non-public-facing 
transit workers
At baseline, there were some notable differences be-
tween public-facing operators and non-public-facing 
transit employees in knowledge of and perceived ad-
equacy of their employer’s pandemic safety responses, 
risk perceptions, and certain work characteristics. As 
indicated in Table 3, operators (M = 8.0, SD = 2.7) re-
ported knowledge of significantly fewer employer CDC-
recommended safety responses than other employees 
(M = 9.0, SD = 2.5; P < 0.05). Only one specific em-
ployer response (knowledge of employers providing 
tissues and no-touch disposal receptacles) significantly 
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differed proportionally between operators (n = 59; 
56.2%) and non-operators (n = 29; 82.9%; P < 0.05); 
however, the proportion of operators aware of em-
ployer responses was generally lower than the propor-
tion of non-operators. Relatedly, operators reported 
lower agreement with their employers prioritizing em-
ployee safety and health (M = 2.7, SD = 1.4) than non-
operators (M = 3.4, SD = 1.5; P < 0.05) and satisfaction 
with employer’s pandemic responses (Moperator = 2.3, 
SDoperator = 1.4; Mother = 3.3, SDother = 1.5; P < 0.05).
Operators had substantially higher COVID-19 risk 
perceptions overall. They reported more frequently 
being concerned with becoming infected with COVID-
19 (Moperator = 5.8, SD = 1.5; Mother = 4.4, SD = 2.1; 
P < 0.05), transmitting it to their coworkers or the 
public (Moperator = 5.3, SD = 1.5; Mother = 3.9, SD = 2.0; 
P < 0.05), and transmitting it to their families or house-
holds (Moperator = 5.7, SD = 1.5; Mother = 4.7, SD = 2.1; 
P = 0.05).
There were also several differences between operators 
and other transit employees in their work characteris-
tics, work attitudes, and health. First, operators tended 
to have shorter tenure (M = 6.0 years, SD = 6.6) com-
pared with non-operators (M = 11.8 years, SD = 10.3; 
P < 0.05). Additionally, operators reported greater re-
ductions in work hours per week since COVID-19 began 
(MDiff = −4.7 h, SD = 9.1) compared with non-operators 
(MDiff = +0.1 h, SD = 3.5; P < 0.05). Operators reported 
significantly higher work stress (Moperator = 4.9, SD = 1.3; 
Mother = 4.4, SD = 1.2; P < 0.05), turnover intentions 
(Moperator = 3.1, SD = 1.5; Mother = 2.1, SD = 1.4; P < 0.05), 
and job insecurity (Moperator = 2.7, SD = 1.0; Mother = 2.3, 
SD = 0.8; P < 0.05). Additionally, operators reported 
slightly (though non-significantly) greater anxiety symp-
toms (M = 1.8, SD = 1.7) compared with non-public-
facing employees (M = 1.2, SD = 1.6; P = 0.07). There 
were no differences in self-reported depressive symp-
toms, global health, or experience of COVID-19 symp-
toms (Ps > 0.05).
Aim 3 results: Assess the indirect effect of 
public-facing work status on health factors via 
COVID-19 risk perceptions as a mediator
An initial time-lagged panel model was fit with all paths 
to the mediator and outcomes estimated, including 
all hypothesized covariates based on Sinclair et al.’s 
(2021) model (viz. age, race, employer safety re-
sponses, change in work hours since the pandemic, 
and job insecurity; see Supplementary Fig. 1, avail-
able at Annals of Work Exposures and Health online). 
This model fit the data well, χ2(21, N = 123) = 20.09, 
P = 0.52; CFI = 1.00; SRMR = 0.03; RMSEA = 0.00, 
90% CI [0.00, 0.07]; however, many paths were 
Table 3. Descriptive statistics at baseline and follow-up.
Variable (possible range)
Operators (mean, SD) Other Employees (mean, SD)
Baseline (n = 131)a Follow-up (n = 42)a Baseline (n = 43)a Follow-up (n = 16)a
Employer safety responses(0–12) 8.0 (2.7) 8.6 (2.4) 9.0 (2.5) 9.7 (2.2)
Employer prioritizing employee safety  
and health (1–5)
2.7 (1.4) 2.9 (1.4) 3.4 (1.5) 3.9 (1.3)
Satisfaction with employer COVID-19  
response (1–5)
2.3 (1.4) 2.7 (1.4) 3.3 (1.5) 3.7 (1.4)
Considering leaving job due to COVID-19 
(1–5)
3.1 (1.5) 3.4 (1.6) 2.1 (1.4) 1.3 (0.8)
Worry about contracting COVID-19 (1–7) 5.8 (1.5) 5.5 (1.7) 4.4 (2.1) 3.9 (1.9)
Worry about spreading COVID-19 to  
coworkers or public (1–7)
5.3 (1.7) 4.6 (2.2) 3.9 (2.0) 3.2 (1.7)
Worry about spreading COVID-19 to  
family or household (1–7)
5.7 (1.8) 5.4 (2.0) 4.7 (2.1) 3.5 (1.6)
Job insecurity (1–5) 2.7 (1.0) 2.8 (1.0) 2.3 (0.8) 2.0 (0.9)
Job satisfaction (1–5) 3.8 (1.2) 3.8 (1.3) 4.2 (1.1) 4.7 (0.5)
Work stress (1–7) 4.9 (1.3) 4.7 (1.5) 4.4 (1.2) 3.9 (1.1)
Depression (0–6) 1.2 (1.6) 1.4 (1.6) 0.9 (1.3) 0.5 (0.8)
Anxiety (0–6) 1.8 (1.7) 1.3 (1.2) 1.2 (1.6) 1.0 (1.5)
Global health (1–5) 3.1 (0.9) 3.2 (1.0) 3.1 (0.9) 3.2 (0.8)
aSample size reflects number of participants that partially completed the survey at each time point, respectively.
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non-significant (e.g. covariate paths to the outcome 
variables). As such, we fit a new model with just the hy-
pothesized covariate paths to the mediator estimated 
(see Supplementary Fig. 2, available at Annals of Work 
Exposures and Health online). This model signifi-
cantly reduced model fit, χ2dif f(20,N = 123) = 35.51, 
P < 0.05, so we sequentially replaced two individual 
covariate-outcome paths (race and job insecurity to 
global health) based on modification indices. The final 
model fit was not significantly worse than the un-
trimmed model, χ2dif f(18,N = 123) = 27.07, P = 0.08, 
and therefore used to interpret results (see Fig. 1 for 
partially standardized and fully standardized path coef-
ficients). Controlling for age, employer safety responses, 
race, change in work hours, and job insecurity, oper-
ator status was significantly associated with risk per-
ceptions at baseline (unstandardized b = 0.88, 95% CI 
[0.17, 1.59]). Further, baseline risk perceptions were 
significantly associated with greater anxiety symp-
toms (b = 0.30, 95% CI [0.08, 0.58]) and work stress 
(b = 0.31, 95% CI [0.02, 0.60]), and lower global health 
(b = −0.27, 95% CI [−0.49, −0.11]), but they were not 
associated with depressive symptoms (b = 0.21, 95% 
CI [−0.08, 0.46]). Significant covariate paths included 
race (b = 0.81, 95% CI [0.10, 1.41]) and job insecurity 
(b = 0.31, 95% CI [0.06, 0.61]) predicting greater 
risk perceptions at baseline; knowledge of employer’s 
CDC-recommended safety responses (b = −0.23, 95% 
CI [−0.31, −0.15]) predicting lower risk perceptions 
at baseline; and race predicting lower global health at 
follow-up (b = −0.82, 95% CI [−1.50, −0.11]).
Indirect effects were evaluated using 95% bias cor-
rected CIs computed from 1000 bootstrapped samples 
(see Table 4). Significant indirect effects of operator 
status were found on depressive symptoms, b = 0.18, 
95% CI [0.01, 0.60], anxiety symptoms, b = 0.27, 95% 
CI [0.05, 0.70], work stress, b = 0.28, 95% CI [0.05, 
0.78], and global health, b = −0.23, 95% CI [−0.57, 
−0.05], such that operator status predicted greater de-
pressive symptoms, anxiety symptoms, work stress, 
and lower global health, via its association with greater 
COVID-19 risk perceptions as a mediator.
Figure 1. Final trimmed path model. Note. Values on solid lines represent standardized or partially standardized (in cases of 
binary independent variables) regression coefficients. Values on dashed lines represent correlation coefficients. Values in bubbles 
represent residual variances. Values on dotted lines originating from risk perceptions represent factor loadings. COVID-19 symp-
toms, though included in Sinclair et al.’s (2021) model was not included in our analysis because of low endorsement of the item at 
follow-up (n = 10). *Significant at P < 0.05. aDue to a non-significant negative residual variance, the residual variance for the item 
reflecting concern with becoming infected with COVID-19 was constrained to 0.
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Discussion
The goal of the present study was to understand the 
COVID-19-related safety, health, and well-being impacts 
on transit workers and examine associations between these 
factors and employee perceptions of employer’s safety re-
sponses to the pandemic based on public-facing work 
status. Along with initial news media reporting on the chal-
lenges facing public transit operators during the COVID-19 
pandemic, empirical evidence suggests that public transit 
operators in a public-facing environment (with conse-
quently heightened viral transmissibility) may be at elevated 
risk for contracting the SARS-CoV-2 virus (Tirachini and 
Cats, 2020; WHO, 2020; Moreno et al., 2021). Research 
was needed to understand how employers are responding to 
pandemic-related occupational hazards in order to reduce 
risk for their workers and protect their health. Such know-
ledge would help identify areas of success and areas that 
need to be addressed by employers to better protect these 
frontline workers currently and during future emergent 
safety and health crises. The present study addressed this 
need by measuring employee knowledge of their employer’s 
COVID-19 safety responses. Our evidence suggests that 
transit employers are providing their employees with cer-
tain COVID-19-relevant resources (e.g. information, hand 
sanitizer), but may not be communicating about organiza-
tional or structural changes they have made, which do not 
directly involve the employees (e.g. designating a COVID-
19 resource person, conducting a workplace assessment to 
develop COVID-19 preventative strategies).
Aim 1: Describe transit workers’ perceptions of 
their organizations’ pandemic responses, per-
sonal COVID-19 risk perceptions, job attitudes, 
and health
Based on employee knowledge, transit employers were 
moderately responsive—implementing about 8 of 12 
(~67%) of CDC-recommended responses on average—
but there was a vast range in proportions of sample 
with knowledge depending on the employer practice 
(~25–95%). In addition, we found that the number of 
employer safety responses implemented (as observed by 
employees) was significantly correlated with job inse-
curity, job satisfaction, turnover intentions, perceptions 
of employer’s pandemic response, and mental and global 
health. It may be that if workers are aware of more ef-
fort put forth by their employers to prevent workers’ 
exposure to COVID-19 at work (i.e. greater perceived 
management commitment to safety), they will be more 
likely to perceive their employers as prioritizing their 
safety, be less frequently concerned about disease trans-
mission, have more positive work attitudes (e.g. higher 
job satisfaction, lower turnover intention), and experi-
ence better mental and global health. Altogether, these 
results indicate that the more CDC-recommended safety 
responses transit employers implement in response to a 
health crisis, and the more effectively they communicate 
these changes, the better off their employees may be.
Additionally, our results suggest that communica-
tion of safety responses to employees could be improved 
across the board. Exploratory tests revealed that within 
each transit authority, there was inconsistency in em-
ployees’ knowledge of employer safety responses (i.e. 
participants from the same company would provide 
different responses to the same items). This finding is 
important because it indicates there may not be a uni-
form, effective way transit authorities are disseminating 
critical safety information across their organizations, 
or that communication methods are not reaching their 
employees who may be most at-risk (e.g. operators). 
Similarly, the differences found in perceptions of their 
employer’s pandemic responses indicate that transit 
authorities can work on revising what they do to pro-
tect and communicate with operators (e.g. making a 
Table 4. Total, direct, and indirect effects.
Independent Variable
Outcomes
Depressive symptoms Anxiety symptoms Work stress Global health
Public-facing work status
 Total effect 0.95 [0.30, 1.72] 0.20 [−0.83, 0.97] 0.42 [−0.48, 1.28] 0.07 [−0.48, 0.59]
 Direct effect 0.77 [0.06, 1.65] −0.07 [−1.08, 0.86] 0.15 [−0.84, 1.05] 0.31 [−0.23, 0.81]
 Indirect effect 0.18 [0.01, 0.60] 0.27 [0.05, 0.70] 0.28 [0.05, 0.78] −0.23 [−0.57, −0.05]
 Proportion mediated 0.19 —a 0.67 —a
Note. COVID-19 risk perceptions were the mediator. Values were computed controlling for effects of age, race, knowledge of employer’s CDC-recommended safety 
responses, change in work hours since the pandemic began, and job insecurity on risk perceptions. For results of the model with all paths estimated on the outcomes 
as well, see Supplementary Table 2, available at Annals of Work Exposures and Health online. Proportion mediated was calculated by dividing the total effect by the 
indirect effect.
aProportion mediated should not be interpreted for these outcomes because of the sign change between the indirect, direct, or total effect.
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concerted effort to notify operators about and provide 
them with tissues and no-touch disposal receptacles). 
It may be beneficial for employers to work closely with 
union locals, and also find direct or more effective ways 
to communicate with their operators, in order to iden-
tify current critical needs, form responses, and communi-
cate about those responses and allocated resources. Such 
responses may be particularly beneficial at reducing 
operator turnover intentions, and improve operator ex-
periences, during future emergent health crises.
The high rates of depressive and anxiety symptoms 
in our sample should be noted. Previous statistics have 
shown around 7% and 3% of US adults experiencing 
a major depressive episode or reporting a diagnosis of 
generalized anxiety disorder, respectively, in a given 
year (National Institute of Mental Health, n.d.). In our 
sample, we found substantially higher rates of likely 
major depression or other depressive disorder (~12%) 
[Note: The calculation of this rate may not be equivalent 
to the NIMH rate of experiencing a major depressive 
episode, because the former represents the proportion 
of participants that exceeded the cutoff point for likely 
major depression or some other depressive disorder 
based on the PHQ, rather than experience of a major de-
pressive episode] and likely generalized anxiety disorder 
(~24%). Although there were no differences between 
operators and other transit workers, the relatively high 
observed prevalence of depressive and anxiety symp-
toms within our sample may indicate a general decrease 
in mental health as a result of pandemic in the general 
population (Pfefferbaum and North, 2020) and the 
prevalence may be comparable to other essential worker 
groups. For example, in a study of Australian workers, 
‘other essential workers’ (including those in the logistics 
and transportation sector among others) had the highest 
average levels of anxiety compared with both healthcare 
workers (another industry greatly affected by the pan-
demic) and the general population (depression was also 
higher among other essential workers compared with 
healthcare workers, but no different from the general 
population; Toh et al., 2021). In a systematic review 
of healthcare workers’ mental health during the pan-
demic, Li et al. (2021) found depression (18.7%) and 
anxiety (14.8%) current prevalence in North America 
was substantially higher than the general population 
pre-COVID-19, and comparable to the rates found in 
our sample of transit workers (we found greater anxiety 
and lower depressive symptom prevalence). Essential 
workers’ mental health has been greatly impacted by 
COVID-19, even among those who may not have been 
public-facing, and as a result, it would be beneficial for 
transit employers to implement broader mental health 
initiatives as complements to their physical hazard re-
lated safety responses during a crisis.
Aim 2: Compare COVID-19 risk perceptions, job 
attitudes, and health factors between public-
facing and non-public-facing transit workers
The public-facing context of operators’ work may not in-
fluence their job satisfaction during a crisis that is greatly 
affecting their industry. Similarly, although operators are at 
a greater risk for contracting the disease than non-public-
facing workers (WHO, 2020), there were no differences 
in rates of COVID-19 symptoms between public-facing 
and non-public-facing work status. This result may indi-
cate that employer safety responses are equally effective 
for all workers, or that the predicted higher infection risk 
due to public-facing exposures may not be present in our 
sample (though the single participant who reported being 
formally diagnosed with COVID-19 was an operator). 
However, the delay in survey administration may have 
played a role in these findings; individuals diagnosed with 
COVID-19 (or experiencing symptoms) or those deeply 
unsatisfied with their jobs as a result of COVID-19-related 
responses may have already left the workforce, producing 
a selection bias. Low cumulative testing rates in the Pacific 
Northwest (PNW) (CDC, 2021) in conjunction with the 
possibility for asymptomatic cases (an estimated 15.6% of 
individuals with COVID-19 are asymptomatic; He et al., 
2021) may also explain the lack of symptom differences 
and single diagnosis. Additionally, strict cleaning proto-
cols at the transit authority most represented in the pre-
sent sample may have mitigated the spread of infection. 
However, there were a number of differences between op-
erators and other employees, which should be noted.
Work stress, job insecurity, and turnover intentions 
were significantly higher among operators compared to 
non-operators. It is important to note that these differences 
may not be due to COVID-19 alone. Decades of research 
has found that bus operators experience unique and influen-
tial work stressors (e.g. cabin ergonomic issues, fluctuating 
shifts, aggressive passengers, time-based stressors, break 
time inadequacy), which can heighten overall stress felt 
at work and increase turnover (Tse et al., 2006). As such, 
public transit vehicle operation may be a more stressful pos-
ition in the transportation industry both presently and in 
general, and these workers may feel more uncertain about 
their continued employment.
Aim 3: Assess the indirect effect of public-facing 
work status on health factors via COVID-19 risk 
perceptions as a mediator
Finally, results from our path analysis provided prelim-
inary support for the model proposed by Sinclair et al. 
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(2021). According to their model, public-facing occupa-
tions will have higher COVID-19 risk perceptions, which 
will reduce their mental and physical health. Our results 
partially support this hypothesis with the significant 
indirect effects of operator job role on depression and 
anxiety symptoms, work stress, and global health at the 
3-month follow-up. However, the total effects were quite 
small, with three of four being non-significant. As such, 
though the public-facing work status of operators may 
reduce mental and physical health via greater COVID-
19 risk perceptions, the overall impact may not be as 
large as hypothesized. It may be that other occupational 
risk factors (e.g. congregate work) have a stronger effect 
on risk perceptions and health outcomes than public-
facing work. More research is needed to better evaluate 
health outcomes among different occupational groups 
with varying risk factors. During emergent occupational 
health and safety crises, transit employers would do well 
to take the differential effects of public-facing work into 
consideration, and tailor responses for their operators 
who may have worse psychological health due to their 
greater concerns of infection.
Strengths and potential limitations
A major strength of the present study is its timely assess-
ment of how transit employees, an ‘essential’ population 
hit hard by the COVID-19 pandemic, perceived their 
employer’s responses to the pandemic and how such per-
ceptions were associated with their risk perceptions, job 
attitudes, and health factors. We found that communi-
cation between employers and employees could be im-
proved in terms of the specific actions transit authorities 
are taking to prioritize employee safety during the pan-
demic (particularly communicating actions that may not 
be explicitly known by employees). We also illustrated 
differing job attitudes, risk perceptions, and mental 
health between operators and other transit employees, 
indicating a need for employers to determine what crit-
ical resources and protections are needed by operators 
and communicate more effectively with them.
Potential limitations include individual-level analyses, 
potentially limited sample representation, and survey re-
sponse rate, and low retention at follow-up. We also did 
not collect data from transit authority employers about 
their objective implementation of recommended COVID-
19 safety practices and policies, which prevents us from 
comparing employee knowledge of employer responses 
to objective employer policies. As mentioned above, there 
were intraorganizational differences in the number of re-
ported CDC-recommended safety responses implemented 
by an employer. Because of this variance, we cannot 
simply recommend transit authorities implement more 
responses to reduce hazard exposures; they may already 
have. Instead, we can only recommend that organizations 
communicate more consistently and effectively with all 
of their employees, particularly operators, about safety 
responses they have implemented. Future research should 
evaluate multilevel contexts to better understand the true 
consistency across levels of analysis (individual versus or-
ganizational) and the differing effects of an organization’s 
objective policies and safety responses (Level 2) and their 
employees’ knowledge/perceptions of them (Level 1) on 
workplace outcomes.
Our sample was also limited to urban transit em-
ployees in the PNW, with most coming from a single em-
ployer. Therefore, it is unknown whether results found 
are generalizable to other states with different COVID-19 
experiences (e.g. differing incidence rates, state-mandated 
safety policies). Indeed, recent research has found starkly 
contrasting pictures of safety behaviors across states in 
the USA that varied in their macro-level COVID-19 re-
sponses (Probst et al., 2020). We also experienced a 
relatively low response rate to the survey. In total, the 
union that assisted with the recruitment mailers repre-
sents about 4366 workers; 151 of those responded to 
our survey (3.5% of total workers represented; 5.8% 
of the 2605 mailers sent). This is understandable given 
the many work, family, and societal changes occurring 
during the pandemic. However, our observed response 
rate does mean that the sample may not be wholly rep-
resentative of workers employed at the agencies targeted. 
Furthermore, there were few responses from individuals 
who identified as BIPOC (18.2% of the current sample 
compared with national estimates in 2020 of 43.9% of 
transit bus operators and 26.0% of all transportation 
and material moving occupations; U.S. Bureau of Labor 
Statistics, 2021), which necessitated a dichotomization 
of the race variable for analyses. As such, though recent 
research has shown higher rates of COVID-19 infection 
and deaths for Black/African Americans compared with 
white Americans (Lopez et al., 2020), but not neces-
sarily higher rates for other races (Bruine de Bruine and 
Bennett, 2020), we were unable to tease apart the associ-
ations of risk perceptions, job attitudes, and health across 
specific racial backgrounds. As noted above, the majority 
of the sample came from a single employer. In explora-
tory replications of the analyses, isolating data from the 
single largest employer and other transit authorities, re-
spectively, several results changed (see Supplementary 
Tables 3–5, available at Annals of Work Exposures and 
Health online). Most notably, there were no differences 
among operators and non-operators with regard to 
COVID-19 risk perceptions, which consequently nullified 
all indirect effects. However, these nullified effects may 
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have been due to reduced statistical power. Additionally, 
work stress was actually lower among operators com-
pared with other employees at the other transit author-
ities, a reversal from the single largest employer. In any 
case, representation from many organizations on this 
topic is key, because the interorganizational variability 
illustrated indicates that what may be happening in gen-
eral in the industry during a crisis may not necessarily be 
occurring in the same way for workers at each individual 
transit authority. Future studies should attempt to reach 
a wider variety of transit organizations, control for state-
level initiatives, and improve the representation of indi-
viduals who are BIPOC.
Although we recruited a meaningful number of 
transit workers to participate at baseline, not all of those 
workers agreed to receive follow-up surveys. Of the 97 
who agreed to follow-up, only 60% completed their 
follow-up survey (reflecting less than half of the original 
total baseline sample of 174). This attrition may have im-
pacted the results of the path analysis. Indeed, only 10 
participants at follow-up reported experiencing COVID-
19 symptoms, which necessitated the variable being re-
moved from the model altogether. Job insecurity was 
higher at baseline among drop-outs (the only significant 
difference), which could indicate job security concerns 
effecting disinterest in continuance, or perhaps indi-
viduals whose jobs were more tenuous did in fact lose 
those jobs (two individuals that attempted the follow-up 
survey were no longer eligible due to no longer working 
at a transit agency). We used full information maximum 
likelihood, which accounts for missing data at random 
(Newman, 2003); however, results may be less biased 
with a method to account for data missing not at random 
(Bartlett et al., 2014). Similarly, though mediation can 
be evaluated with only two waves of data (Cole and 
Maxwell, 2003), omitting autoregressive paths in our 
path model reduce our ability to make causal inferences. 
Future longitudinal studies should assess the effects of 
public-facing work on trajectories of risk perceptions, job 
attitudes, and health in order to elucidate causal relation-
ships over time during emergent public health crises.
Conclusion
This study presents a timely and important inquiry 
into transit authorities’ implementation and communi-
cation of COVID-19 safety responses, transit workers’ 
knowledge and perceptions of their employer’s safety 
responses, and their relationships with risk perceptions, 
job attitudes, and health. It would be of high value for 
transit employers to utilize resources and recommenda-
tions provided by public health and safety entities (e.g. 
CDC, OSHA) and improve their communication with 
their workers—particularly operators—about responses 
they enact during emergent health and safety crises to 
reduce occupational health hazards. Employers may 
also wish to seek out feedback from employees who are 
BIPOC in order to address work stress and risk percep-
tion disparities. Although much of this work has focused 
on COVID-19 specifically, the implications of improving 
employer safety communication and tailoring safety re-
sponses to those at higher risk extend beyond the cur-
rent pandemic and could benefit transit workers in 
future emergent health and safety crises.
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